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ABSTRACT 



4,969.710 11/1990 Tickctal 385/123 



An optical transnaission method which suppresses 
waveform distortion caused by an in-optical fiber non- 
linear optical effect in a long-distance coherent optical 
communication system. The modulation index of a 
transmitting station is increased or decreased with re- 
spect to the vahie at which the best receiver sensitivity 
is realized in a condition in which an optical fiber is not 
in its transmitting condition. Otherwise, the delay 
amount of a delay detection circuit of a receiving sta- 
tion is increased or decreased with respect to the value 
at which the best receiver sensitivity is realized in a 
condition m which the optical fiber is not in its transmit- 
ting condition. 

2 Claims, 5 Drawing Sheets 
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<M>n/-AT /v^KnnT«.TT^AT^^^, . fl to f2 and the amplitude increases immediately after 

OraCAL COMMUNICATION METOOD the bit is chaDged over from the frequency f2 to the 

xwo ;c i ^ * . - frequency fl. The amplitude variations vary the phase 

07^^/0^! m2r«fl5^v°?^*'foA^P^''**°^ ^' J""- oftf-'^e^UghtbTaKerreffectSincethedirS 
07/977/071 filed on Nov. 16, 1992, now abandoned. 5 of rotation of the phase increases in proportion to the 

BACKGROUND OF THE INVENTION P**^" °^ **** immediately after the 

I i^i^H c' -v. Tn..^^.:^^ changed over from the frequency fl to the fre- 

. •' ■^■ ■ ■'^^ rj-^-icy n'-, :t!.".-'.5;-.-:di:;t:Iy-''*irch2'jiti5ch-<---d 

inn„^i^!^?'"'fSi!^^'^ r " '^f'"'^ -"^ suppressing the over from i2 lo il (Yaman.ore et aJ., "Analysis of ampli- 

^T.^^T^J°!^^'^^°'^°'''^^''^^'^'^'' ^'^ spontaneous emission induced self-plLe modiSa- 

Siui^ ^^Sf^^<x cohere^ivoptical communi- tion to intensity noise conversion by fiber chromatic 

6^^^.^.m^^?^^ v.- r, ■ 'io'«'lCo''ferenceo/Elecin,mc Information Communico. 
Optical fiber amplifier, aUow the possibihty of long- Hons Institute « 199 1 SS-W). This manner can be seen 
distance mulu-stage repeatered transmission optical 15 from the curves (c) and (d) of HG.Z In partcul^ tte 

Skfrrt*?^^/^"^ • 'r^- J» •^'^^ (<=) of FIG.' 2 sho4 the plisTo'TS £ 

Coherent optical commmiipation is considered to be an ■ before transmission, and the curve (d) of FIG 2 shoNvs 
advantageous system for a long-distance transmission the phase of the signal light after transmi^on Wlflte 

N^tages m that It has a high receiver sensitivity and 20 a linear characteristic as seen from the curve (c) of HG 
also can compensate smiply for the influence of wave- 2. the phase variation after transmission pr«Ste a noni 
form disperaon of a transmission line in an intermediate linear behavior as seen from the curve (d) of FIG 2 at 
fr^ency (IF) band of a receiver. the changeK)ver point between adjacent bits. It ran be 

™SrSl'2' °K*P"' ^r" °^ °?^^ ^ f™"" ™- ^ variation t£phin£ 

peatex IS high, distortion by a non-hnear optical effect is 25 transmission is greater than the variation of tihTDhaS 
sometmies produced m an optical fiber, which limits the before transmisdon. ^ 
transmission distance. This phenomenon is particularly On the contrary, when the dispersion value is nega- 

'f^^'^^ir^'i:^'^ of the phaHfter traiSoSX 

B high as described below. When a high waveform creases as compared with that befote^^Sn^ 
disp«sion IS present m a transmission line, amplitude 30 can be seen from FIG. 3. When such a phase detecting 

^^ZTl^V^^^—uf^^^'^"^'^ circuitasadelaydetectorisemployedfJr^eSSt* 
Sr^f frequency-shift-keymg (^SK) modu- . ing dixnut, the demodulation waveform deteriorates by 
latcd hght dunng transmission. The amplitude distor- the deviation of the phase variation, 
toon IS converted into phastcfctOTtion of the signal Ught According to a first aspect of the present invention 
^iy^y°^^^;9^^"^^'°f^P>^-Co^«itly,1h, 35 there is prowled an opti^oommmuL^nm^A?d to 
few"^' .^^""^^ ^ "S!™^^ of the signal a frequency-shift-keyiSg coherent optical comm^S^ 
hght after faansmusion deviates from a value set in . tion system employing an optical frequency-shift-key^ 
advance on Ae tamsmission side, and accordingly, the ing system, which comprises die steTof^ff whw 
receiver scnsittvity detenorates. Since this phenomenon the dispersion value of m opticalfiber Mrvto/^^ 
increases as the output power of the rep«ter increases. 40 transmission line b positive or negative, the mediation 
rtB a senons obstacle to elongation of the repeater index at a transmitSg station to a sniller value « a 

greater value, respectively, than the value at which the 
SUMMARY OF THE INVENTION ^ receiver sensitivity is realized m a condition in 

.... u- »V wWch the optical fiber is not in its transmittinB condi. 

J^Z'^J^^^ prcsait mvcntion to provide an 45 tion thereby to suppress the receiver sensitivity degra- 

dS«S^?^i'^*"" '"***°** ^^''^ "^"^ by non-linear distortion which is SI 

d^radadon of the receiver sensitivity remarkably. duced in the optical fiber 

First. Idle pnnciple by which the receiver sensitivity With the optica] communication method, the wave- 
d^adation caused by m-optical fiber wavelength dis- form distortion is suppressed to its minimi^ level by 
p^on and the Kerr effect is reduced in accordance 50 setting, in anticipation of an increase or a decrease 4e 
w^the pr«ent mvention wUl be described. When the phase variation. Ae frequency sl^a^^fto 1^^Sr 
di^on of a fransinission hne is positive in the signal or a higher value on thTtransmitting station. The c^es 
h£t wavelength region, the lower the Ught frequency (e) of FIGS. 2 and 3 illustrate varktiom* S ph^X 
(the long^ the wavdength). the longer the delay pro- transmission when the present method is used Inp:^^ 
duced m the frammission dme. As the delay is pr<v 55 ular. the curves (e) of FIG& 2 and 3 s^S^ff 
T° " ""^'^ ^wf?*^ ^ "Sht after' 'transmission when S^^SS 

^^XT •'^S^^" P^'^f index is adjusted. It can be seen that the phase variation 

^jacent tats. Tie nmnw^sdiematically illustrated in within one bit substantially coincides Jith that before 
FIG. 2. The curve (a) of FIG. 2 shows an envelope of transmission. 

U^t before tnmsmisaon, and the curve (b) of 60 According to a second aspect of the present inven- 

^^?w1i°'*^'"f;^^°'^°^'i*'''^"8*"'*'f°™^ tion. thoTis provided an optical c^Sra^n 

by the mfiuetjK of dispersion after transmission. HG. 2 method for a fi^quency.shift-l^ing coha^ro?ti^ 

phased on Ae assumption that the dispersion of the commmucation sy^^^ployS^optic^qS^nS^ 

tianamssion hne is m the positive and the frequency fl shift-keying delard^on «^ui whS ™^ 

on the si«« side of tte FSK modulated light is higher «5 the step of setting. X d^^^^rWv^dTK 

^ the frequen^ f2 on the mark side. It can be seen optical fiber wv^ as a tiansmSune is «^ve« 

from the curve (b) of FIG. 2 that the amplitude de- negative. theldS^amounT^rSSrSr^ 

creases mmiediately after the bit is changed over from of a receiving station to a smauT^^T^S 
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valtte. respectively, than the value at urhfch the best ter emission of the intennediate frequency signal oui- 
receivcr senabvity « reahzcd in a condition in which putted from the front end circuit 10 is set to 5 GHz. and 
^r^^^^ "^^u"* "-'^ t«n?™tting condition from the signal, distortion caused by waveform dhper- 
Aereby to suppress the receiver scnabvity degradation sion is removed by a dispersion equahzer 11 A fre- 

' <piency discriminator 14 c^lsZfr^ency of 
Ti/;*u *u .Li ^ - . , local osctllation light source 9 so that the intermediate 

shift^keyiBgmocLaiedsigiud having a gr^ S^^i^TruS^ 

shiftramount by decreai^t^ delay time MaSis xZ ^} The output of the delay detection 

ofthischaraJristic^dhtoknofTeS^^ cSL'X^^^^^^ 

suppressed by decreasing the delay time in accordance Z^^^/ZT^^ I ^ "^^""^ ''^'"^ ^ 

with the increase of the phase variation, that is, an in- 15 Inif^t^* w r 

crease of the frequency shift amount , . Al^strates results of measurements of the mod- 

With these optical communication mcthodk, the re- "^"^ dependency of the receiver sensitivity 

cdver sensitivity degradation caused by dispersion in r^^^S°° when signal hght is not launched and is 

the optical fiber and the non-linear optical effect can be into the 800 km transmission line. It can be 

reduced remarkably. 20 ^ ^ setting the modulation index 

The above and other objects, features and advantages ^ *® receiver senativity degradation of 2.4 dB 
of the present invention will become apparent from the ^ "Jf ^P^^^^ to 0.4 dB to the utmost 
following description and the appended claims, taken in Subsequently, an optical communication method as 
conjunction with the accompanying drawings. defined by the second aspect of the present invention 
will be described. In the present embodiment the ODti- 

BRIEF DESCRIPnON OF THE DRAWINGS ^ cal communication method as defined by the secwid 

FIG. 1 is a block diagram showing a transmissbn ^P^^ of the present invention b applied to the system 

system to which the present invention is applied; ^' T^e modulation index of signal light is set to 

FIG. 2 is a diagram illustratmg a portion of the princi- ^; ^' dependency of the receiver sensitivity degrada- 

pie of the present invention; 30 ^^o, the delay time of the delay detection circuit 

FIG. 3 is a a diagram illustrating another portion of ^ ^ illustrated in FIG. 5. It can be seen from this figure 

the principle of the present invention; ^ receiver sensitivity k highest when the delay 

FIG. 4 is a diagram illustrating an advantage accord- ^ ^-^^ °^ When transmission was effected while 

ing to a first aspect of the present invention; ^ time was fixed, the sensitivity degradation of 

FIG. 5 is a diagram illustratmg an advantage accord- 35 ^ was produced. Then, when the delay time was 

ing to a second aspect of the present invention; reduced to 0.2 ns, the receiver sensitivity degradation 

DETAILED DESCRIFnON OF THF "^"^ '^'''^ to 0.5 dB. It is to be noted that, as the delay 

^^'^^^SSS'^^ ^ew^red^^ 

First, an optical communication method as defined by 40 While the dispersion of an optical fiber is set in the 
the first aspect of the present invention will be de- positive embodiments described above, on the contrary 
scribed. FIG. 1 shows a 2.5 Gb/s CPFSK optical het- when the dispersion is negative, the sensitivity degrada- 
erodyne detection transmission system of the transmis- <ion can be reduced by increasing the modulation index 
sion distance of 800 km to which the present invention or by increasmg the delay time, 
is applied, A transmitter 1 includes a driver circuit 2 45 Since a theoretically optimum modulation index or 
from which a current modulated signal corresponding delay amount can be calculated if the positive or nega- 
te an input data signal is outputted. The current modn- tive sign and a value of dispersion of the optical fiber is 
lated signal is supplied to an equalizer 3, at which it is known, the circuit parameters should be determined 
equalized in advance for the frequency characteristic of from the result of the calculation so that the receiver 
a transmission Ught source 4, and then, it is applied to 50 sensitivity may have the relationship described above, 
the tonsmisaon light source 4. Meanwhile, the current Further, it is readily possible from the prior art to adjust 
amphtude of a current modulating signal, that is, the the circuit parameters arbitrarily to suitable values 
modulation index, is controlled to a suitable vahie by a Having now fiilly described the invention it wiD be 
malulation mdex controlling circuit 5. apparent to one of ordinary skill in the art that many 

Signal hght emitted from the transmitter 1 is received 55 changes and modifications can be made thereto without 
by a re<^ver 7 after passing seven light amplifier re- departing from the spirit and scope of the invention as 
peaters 6 mstalled in a spaced relationship from each set forth herein, 
other by the distance of 100 km. The average of the What is claimed is: 

Ught output poww of each of the light amplifier repeat- 1. An optical communication method for a frequen- 
m 5 IS 4- 5 dBm. The dispersion value of an optical fiber 60 cy-shift-keying coherent cmtical communication s^tem 
16 of the tranarussion hne is 17 ps/mnAm in the 1.55 having a transmitter station and a receiver connected by 
micron band of the signal hght wavelength. A polariza- an optical fiber and which employs optical frequency- 
Uon controUer 8 is provided m the receiver 7, and the shift-keying, the optical fiber l^vkg a fixed dS>ersSn 
polarization of signal hght is controUed by a controUer value, the method comprising the steps^ ^^^^on 
^IT*"*^ J'*^!!^ signal may be 65 setting a modulation index at a tn^tting station, 
S^.:^ J^K ^ local oscillation when the dispersion value of said opticJ 

hght source 9 and the signal hght are combined, t is positive, to a smaller value than a v5ue at >^db 

heterodyne detected by a front end circuit ID. The cen. ^be^ ^ver sensitivl? STe^^ t 
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tion in which said optical fiber is not in a transmit- 
ting condition; and 
setting the modulation index at the transmitting sta- 
tion, when the dispersion value of said optical fiber 
is negative, to a greater value than a value at which 
the best receiver sensitivity is realized in a condi- 
tion w^icH c-^t:r^! fiber h no: ir. z txz'-z^'^^- 
ang condition; 
thereby to suppress receiver sensitivity degradation 
caused by non-linear distortion which is produced 
in said optical fiber. 
2. An optical communication method for a frequen- 
cy-shift-keying coherent optical communication system 
having a transmitting station and a receiving station 
connected by an optical fiber and which employs opti- 
cal frequency-shift keying, the optical fiber having a 



10 



15 



fixed dispersion value, the method comprising the steps 
of: 

setting a delay amount at a delay detection circuit of 
the receiving station, when the dispersion value of 
said optical fiber is positive, to a smaller value than 
a value at which the best receiver sensitivity is 
realized in a condition in which said optical fiber is 

setting the delay amount at the delay detection circuit 
of the receiving station, when the diversion value 
of said optical fiber is negative, to a greater value 
than a value at which the best receiver sensitivity is 
realized in a condition in which said optical fiber is 
not in a transmitting condition; 

thereby to suppress receiver sensitivity degradation 
caused by non-linear distortion which is produced 
in said optical fiber. 

* « ♦ * * 
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